The structure and properties of the passive film formed on the surface of AISI 316 stainless steel in aqueous ethanoic acid have been investigated using EIS. Experiments were carried out at 30 ºC in different concentrations of ethanoic acid. Effects on the film properties due to the change of electrode potential, exposure durations and addition of chloride ions to the electrolyte were also studied. Impedance parameters were determined using simple model and equivalent electrical circuit. Results suggest the formation of multilayered passive film on the steel surface. The film possessed dual structure. Inner layers were thin and compact, whereas the outer layer was porous and defective. The measured capacitive behavior was of non ideal nature and hence replaced by constant phase element or CPE. Formation of the passive film and the change in its structure has been explained using impedance parameters.
Introduction
AISI 316 austenitic stainless steels have been developed for their applicability and extensive use in moderate to severe corrosive conditions. The steel exhibits high corrosion resistance, primarily, due to the formation of a passive film on its surface. Researchers [1] [2] [3] [4] have reported that the passive film formed on stainless steel surface responds to ac signals and a lot of information regarding film properties, kinetics and mechanism of corrosion process can be provided by ac impedance measurements. EIS has become a very powerful technique in corrosion science. One of the principle advantages of EIS over traditional dc techniques is that EIS can be well performed in low solution conductivity, which was a problem that may affect the electrochemical measurements of dc techniques. Also EIS is a non destructive technique (small signal applied during the measurements), so that EIS measurements can be repeated several times using the same electrochemical cell without altering its electrochemical properties [5] . Impedance investigations in aqueous mineral acid media have been reported extensively till recent past, but, reports in organic acids are scanty. Ethanoic acid is extensively used in processing, pharmaceutical, refinery and petrochemical industries. Impedance behavior of AISI 316 SS in ethanoic acid exhibits a variety of features owing to its alloy composition and therefore, a systematic study provides valuable information regarding the properties of steel in organic acid media. Since, the interpretation of results is the most important part of impedance investigations and therefore, it is essential to pick the right model to explain the results. The method employed in this communication is convenient to apply in any other steel-organic acid system. The commonly observed features during the impedance measurements of AISI 316 SS are depressed semicircle, non ideal capacitance and pseudo inductance. Theoretically, in ideal cases, the Nyquist plot is a semicircle with its center on the x-axis. Depressed semicircles are explained by a number of phenomena depending on the nature of the system being investigated. Either some properties of the system are not homogeneous, or there is distribution (dispersion) of the values of the same feature at different locations over the electrode surface. This causes requirement to incorporate a new element in the equivalent electrical circuit, i.e., non ideal capacitance (defined as constant phase element CPE) in place of ideal capacitance. Mathematically, CPE may be defined as [6] : (1) where, Z CPE is CPE's impedance and A is the CPE parameter. It is admittance (1/|Z|) at ω = 1 rad s -1 and has unit of Ω -1 cm -2 s n . i is the imaginary number (i = √(-1)) and ω is the angular frequency (ω = 2πf, f being the frequency). A consequence of this simple equation is that the phase angle of the CPE impedance is independent of the frequency and has a value of (-n x π/2) degrees. This gives CPE its name. When n =1, the equation becomes (2) This is the same as that for the impedance of an ideal capacitor, where A = C. When n is close to 1.0, the CPE resembles a capacitor, but the phase angle is not 90 °. It is constant and somewhat less than 90 ° at all frequencies. In these cases, the 'true' capacitance can be calculated from A and n. The factor n is defined as (3) where, α is the depression angle (in degrees) that evaluates the semicircle depression (of Nyquist plot). In many cases, this impedance element is introduced formally only for fitting impedance data. The CPE element may be related to a number of different interfacial phenomena. The most straightforward interpretation is to consider it as a dispersive capacitance of the double layer. [7, 8] . It is thought to arise from a distribution of the relaxation times resulting from heterogeneities of microscopic level at oxide/electrolyte interface [6, 9, 10] . According to Cox and Wong, the CPE behavior is attributed to a geometric origin, such as, surface heterogeneity or surface roughness [11] . The factor n or CPE power is therefore, also known as roughness coefficient. The slope of the linear part of Bode plots gives the value of n. Its value generally decreases with the increase in surface roughness. When n =1, the CPE describes an ideal capacitor corresponding to the conventional double layer capacitance. It behaves like a resistor for n = 0, and an inductor for n = (-1). A protected smooth and bright surface in electrolytic solution often has n > 0.8. Surface undermined by corrosion can have values ranging from 0.8 for even general corrosion, to 0.6-0.7 for uneven general corrosion. The value n = 0.4 -0.5 is found for uneven localized corrosion or wide pits and the CPE represents Warburg impedance involving diffusion processes [12] . The value of n is an adjustable parameter that always lies between 0.5 and 1. It is found to vary at different potentials corresponding to different regions on the Tafel's plot. This fact is associated with the changes in the structure or composition of the passive film on steel surface. The pseudo inductance is characterized by a position of impedance spectrum appearing in the fourth quadrant when the data set is plotted as real impedance component versus the negative of imaginary component. Such type of frequency responses is observed in electrochemical impedance measurements for a number of corroding systems [13, 14] . This behavior arises from a number of sources [15] , such as, adsorption processes. It is called pseudo because the process giving rise to inductance is probably not like those of a real inductor [16] . According to Kendig [17] , it is caused by a non linear frequency response resulting from irreversible desorption of the adsorbed intermediates. Armstrong et al. [18] and Epelboin et al. [19] have proposed methods to model pseudo inductive frequency responses and extract corrosion rate information from ac impedance data. In principle, an electrochemical process may be modeled by equivalent electrical circuit elements, such as, resistors, capacitors and inductors. The interpretation of electrochemical impedance spectra requires selection of an appropriate model. The selection of an appropriate model can be time consuming, particularly, if a detailed study is desired. A number of programming methods for computing circuit parameters are available in the literature [20] [21] [22] [23] . In this study, we have used our own algorithm implemented on Mathematica 7.0 (commonly and extensively utilized for analyzing mathematical and numerical problems) for analyzing the results and computing the electrical circuit. We present here the results of ac impedance investigation of AISI 316 in aqueous ethanoic acid under different experimental conditions, such as, concentration of acid, duration of exposure, change of applied electrode potential and effect of chloride ions. The aim of this work was to study the formation and changes in the structure and properties of passive film during corrosion and pitting of AISI 316 in ethanoic acid medium. In the present communication, the discussion is divided into four sections viz., (a) effect of exposure time, (b) effect of concentration, (c) effect of applied potential and (d) effect of chloride ion addition.
Experimental

Materials and methods
All the chemicals were procured from Merck, India Ltd. AISI 316 stainless steel sheets of thickness 1 mm with composition 16.5-18% Cr, 12.5-15.0% Ni and 2.0-3.0% Mo were procured from Good Fellow, England. The sheets were cut and filed into rectangular pieces of dimensions 3 cm x 1 cm. The specimens were polished mechanically up to mirror finish on a polishing wheel attached with emery papers (numbers 100 to 2000) of varying grit size. The mirror polished surfaces were cleaned properly by washing with distilled water followed by rinsing with acetone and drying in air. Each single piece was attached to a copper plate with an extended wire sealed in a glass tube and fixed with screw. An area of 1 cm 2 on one side of the specimen was left exposed. This assembly was taken as the working electrode for electrochemical studies. Ag/AgCl (Orion, Beverly, M.A. USA) electrode was used as the reference electrode and a Pt wire as counter electrode. A Luggin capillary containing KNO 3 was used to connect the reference electrode with the cell. All the electrochemical experiments were performed using an Electrochemical Analyzer (CH Instruments Model 604C). The temperature was maintained at 30 ºC using a thermostat. Ethanoic acid was first standardized titrimetrically and solutions of concentrations 1, 2.5, 5, 10, 20, 40 and 80% (by volume) were prepared. Aqueous ethanoic acid of concentration 20% was found most corrosive to steels [24] . Therefore, to investigate the effect of chloride ions on the corrosion behavior of stainless steels, experiments were carried out in different concentrations of NaCl ranging from 0.01 to 0.5 M in 20% ethanoic acid.
Electrochemical experiments
All the electrochemical experiments were carried out in the electrochemical cell containing 150 mL of unstirred test solutions without deaeration. At the beginning of each experiment, the open circuit potential (ocp) was allowed to reach an approximately constant value by performing potential versus time experiment. When the rate of variation in potential is less than 5 mV/h, the ocp is considered to be attained [25] . It took 3-6 hours to attain a stable ocp depending upon the composition of the electrolyte. After attainment of ocp, potentiodynamic polarization curves were obtained in the range of -0.4 to +1.8 V at a scan rate of 1 mV s -1 . The ac impedance measurements were carried out at different potentials selected on the basis of polarization curves. A frequency range of 0.005 to 10 5 Hz and amplitude of 0.005 V was selected. The system was subjected to a hold time of 1 h at a particular potential prior to impedance measurements. All the experiments related to corrosion studies were repeated for four times. The mean values of the parameters is recorded in tables 1-5 and considered for analysis and discussion.
Determination of impedance parameters
We have used our own algorithm implemented on Mathematica 7.0 to determine circuit parameters rather than using the ones reported in the literature for computing the circuit parameters. This gives us a better handle to restrict to a single (or few) circuit(s) for fitting to many data sets. We chose the goodness of fit (χ 2 ) to be (4) in place of the conventional chi square parameter. Here, Z th and Z E denote the theoretical and experimental value of the impedance and index 'I' runs over all the data points. This is because our impedance data vary over many orders (10 1 to 10 4 ). Moreover, the percentage errors occurring at higher orders weigh much more compared to those occurring for lower values of impedances. So, we first calculated the difference between unity and the ratio of theoretical value of impedance versus that obtained from the experimental data. Then we took the goodness of fit to be the sum of squares of the absolute values of these differences. In other words, we computed the distance in complex impedance plane between the experimental value of impedance and its theoretical value for a given set of circuit parameters. The goodness of fit of a statistical model describes how well it fits a set of observations. Measures of goodness of fit typically summarize the discrepancy between observed values and the values expected under the model in question. Goodness of fit is a method to measure the error in curve fitting. A lower value of chi-square reflects better fitting of the data. We then normalized this distance by dividing it with the experimental data and calculated its difference from unity. This was followed by computing the sum of square of the absolute values of the differences between theoretical and experimental values to obtain goodness of fit parameter as stated in Eq. 4 ( Fig. 3 ). After that, we determined the circuit parameters by minimizing the above mentioned goodness of fit parameter using Wolfram Mathematica 7.0. The corresponding program takes much less evaluation time if the iterative process to adjust the CPE exponent(s) is done manually rather than allowing the program itself to do so. Such a procedure seems to give much better fitting (as seen by eye) of the curves in impedance plots. The Nyquist and Bode plots were fitted by fixing the circuit parameters into the impedance equation in the programming steps. The program was run over 20 to 500 iterations with different CPE exponents in order to minimize the goodness of fit and get maximum fitting. In the end, program yields results in the form of circuit parameters viz., solution resistance (R s ), charge transfer resistance (R t ), non ideal capacitance in terms of constant phase element (CPE), CPE exponent and inductance (L).
Results and discussion
Polarization curves of AISI 316 obtained in aqueous ethanoic acid of concentrations ranging from 1-80% are shown in Fig 1(a) . The curves show typical behavior with a small active region followed by a well defined passive, transpassive and secondary passive regions. The passive region extends from 0.2 to 1.0 V. After addition of different amounts of NaCl to 20% ethanoic acid, the E corr shifts towards negative direction and the passive region becomes successively smaller with the increase in the concentration of NaCl in test solution. A well defined pitting potential is also obtained, which indicates initiation and propagation of pits on the steel surface ( Fig. 1(b) ). In the present communication, potential points corresponding to the different regions on the Tafel's plots of the steel in 20% ethanoic acid and the latter containing 0.4 M NaCl are selected (indicated by marked spots in Figs. 1(a) and (b) ) for ac impedance measurements. The observed plots in the impedance measurements were indeed the arc of a circle, but with its center below the x-axis. The results are discussed under the following sections.
Effect of exposure time
To study the effect of exposure time on the surface film properties of the steel, an applied potential of 0.6 V (passive region) was selected. The reason behind is to make a comparative study of results obtained in ethanoic acid containing chloride ions (discussed in section 3.4) as pitting corrosion process takes place in the passive potential range. Nyquist plots (Fig. 2(a) ) show the formation of depressed semicircular capacitive loops owing to surface heterogeneity. Figure1. Potentiodynamic polarization curves obtained for AISI 316 after 24 h of immersion under static conditions in (a) 1-80% aqueous ethanoic acid and 20% acid is marked at certain potential points selected for impedance investigation, and (b) after adding different amounts of NaCl ranging from 2.5 mM to 0.5 M to 20% ethanoic acid and the polarization curve of the steel in 20% ethanoic acid containing 0.4 M NaCl is marked at certain potential points for impedance analysis. This is caused by surface distribution of reaction rates with the locations on the electrode [26] . Such a phenomenon is common with passivating alloys. On moving towards the high frequency region of these plots, another capacitive loop becomes visible ( Fig. 2(b) ). With increase in the exposure time, the arc of the capacitive loops increases in size, but the increase is not very significant. The arc obtained in the low frequency region after 6 h (hours) exposure was found more depressed compared to the arc at 24 h. The arc at 72 h is the least depressed. Because of the inherent limitation in the impedance data interpretation (different circuits may yield the same spectrum), only the simplest possible equivalent circuits were used for spectra fitting. Simulations were carried out with the help of Eq. 5 ( Fig. 7(a) ), incorporating the circuit elements shown in Fig. 3 . A comparison between the measured and simulated spectra using fitting algorithm is presented in Fig. 4 . It is preferred that the circuit chosen for the fitting of spectra be simple, convenient and capable to explain maximum number of plots. Barring a few cases (e.g., 4(b)), in most of the cases an excellent fitting was found (Fig. 4(a) ). Even, the latter case can be regarded as acceptable considering the complexity of the passive film formed on the steel surface. In such cases, to fit the curves completely, inclusion of some more circuit elements would be required. With each curve, a variety of circuits would appear. The variation of circuit elements is so wide ranged that it led to over fitting, thereby making the analysis very cumbersome and complicated. Over fitting generally occurs when a model is excessively complex, such as having too many parameters relative to the number of observations. A model which has been over fit will generally have poor predictive performance, as it can exaggerate minor fluctuations in the data. This was the reason we used our own algorithm for analyzing the results. When the metal samples with protective passive films are exposed to a non aggressive electrolyte, i.e., ethanoic acid, the impedance response is determined essentially by the resistive and capacitive properties of the surface film. Bode plots give more clear picture (Fig. 2(c) exhibiting two humps or peaks corresponding to the two capacitors (CPEs), and the three depressions corresponding to three resistors in the circuit [26] . For deducing the equivalent circuit, fitting and simulation, both Nyquist and Bode plots have been utilized. To explain these plots, we suggest a simple model in Fig. 3 . It displays metal surface with a two layered passive film structure and the equivalent circuit with five elements. The total impedance (Z) can be calculated using Eq. 5 ( Fig. 7(a) ).
The numerical values of the circuit elements are recorded in Table 1 . Depending on whether the film has a single or multilayer structure, the spectra over a wide frequency range may exhibit one or more time constants because of film resistance or capacitance. The capacitive loop in the high frequency region represents the electric charge transfer process. The second capacitive loop at intermediate frequencies is attributed to adsorption-desorption processes (of intermediates), and the third capacitive loop in the low frequency region is associated to a diffusion processes through corrosion products inside the pits/cracks. The third capacitive loop is obtained during impedance measurements at higher potentials (1.0 to1.6 V) and also when chloride ions were added to the medium (section 3.4). For the ac impedance experiments under this section, we report the formation of two capacitive loops corresponding to charge transfer process (capacitive loop in the high frequency region) and diffusion process (loop in the low frequency region). The complex plane shows a wide semi-circle at low frequencies and a small semi-circle at higher frequencies which becomes further small at higher potential ( Fig. 2(a) and (b) ). This is attributed to the difference in the structure and properties of the inner and outer layers of the passive film. The measured capacitive response was not found to be of ideal capacitor. This deviation is incorporated by utilizing a constant-phase element (CPE) for spectra fitting, instead of an ideal capacitance element (C dl ). R 1 is referred to the resistance of the porous layer since it continuously bathes in the electrolyte solution. It is also considered as resistance of the solution inside the pores of the film [28] . It strongly depends on the defective structure (porosity) of the film. R 2 and R 3 are resistances of the compact portions (inner layers) of the passive film.
As the exposure duration was increased up to 72 h, the resistance of the outer layer increases, but not significantly. This indicates thickening of the outer layer and the film retains its protective ability. In some literature, it has been reported that the increase in film resistance and the decrease in film capacitance with time indicate the growth and formation of compact passive film [29, 30] . As the surface film grows, different transport mechanisms take place in the inner and outer parts of the film. Additionally, the internal redox reactions also play crucial role in the formation of a multilayered passive film. The composition of the inner and outer layers may vary in different cases. The inner layer is generally more continuous and almost non-conducting (high resistance values), whereas the outer layer is relatively porous (comparatively lower resistance values). In the present investigation, the outer layer capacitance (CPE 1 ) has been found to increase with the length of exposure, which suggests that the oxide film has further thickened. On increasing the exposure duration from 72 to 96 h, the resistance of the inner and outer layers and thus overall film resistance decreases, indicating that along with thickening, the film also becomes more defective. This probably is due to the generation of pores, channels or cracks in the passive film. From these results, it is apparent that extended immersion hours inside the electrolytic solution (ethanoic acid) leads to the growth of a defective or porous surface film. In this investigation, the main feature of the impedance response, i.e., two time constants observed in the spectra of most specimens, is likely due to the two layered structure of the passive films. The CPE powers (n 1 and n 2 ) range from 0.86-0.99. This suggests occurrence of little or no considerable roughness on the surface. However, the pristine shine of the surface was lost. Fig. 5(a) shows Nyquist overlay plots of AISI 316 obtained after 24 h in different concentrations of ethanoic acid ranging from 1 to 80% at an applied potential of 0.6 V and 1 mV s -1 scan rate. The capacitive loops formed in the high frequency region for the same are shown in Fig. 5(b) . The semicircular loops in the low frequency region are depressed owing to surface heterogeneities. On the other hand capacitive loops formed in the high frequency region are somewhat less depressed. This indicates that the inner surface film is compact and continuous providing good protection. This is further supported by high R 2 (10 4 -10
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5 Ω) and n values (0.9-0.8). The circuit parameters are displayed in Table 2 . If the passive layer grows uniformly, the resistance increases and capacitance decreases in proportion to the increase in the thickness of the film. But in the present case, the circuit parameters in different concentrations of ethanoic acid are scattered and there appears no correlation. This is not surprising because of the fact that the impedance study was carried out at an applied potential in the passive region and not at E corr . Hence, it is inferred that, the formation, structural nature and properties of the passive film on the steel surface, is independent of the acid concentration. The structure and properties of the passive film in this case can be explained using the model and equivalent circuit given in Fig. 3 . During the corrosion process of stainless steels in acidic electrolyte, the composition, structure, and morphology of the passive film vary with composition and time [28] . The dielectric constant may change according to the variation in the film composition and structure. The effective area may also increase significantly due to an increase in the surface roughness. In particular, the resistivity may vary since it depends strongly upon the defective structure of the passive film. If interconnecting pores, channels, or cracks are formed inside the oxide film, they affect many properties of the film. Impedance of the whole layer can be calculated using equivalent circuit based on the surface film (oxide layer) model given in Fig. 3 , but the details of individual pores, channels, or cracks cannot be obtained. The total effect of pores, channels, or cracks on the impedance response is reflected in the parameters of the outer layer (R 1 , CPE 1 and n 1 ) and possibly also in R 2 when the defects extend into the barrier layer. R 1 is a measure of general corrosion rates, but alone it is inadequate to characterize uniform or localized corrosion. The surface roughness caused by corrosion increases the real surface area and double layer capacitance, while decreasing n. Although the coefficient n by itself suffices as a roughness indicator, a combination of R 1 and n gives more valuable information for the classification of corrosion patterns. An accelerated corrosion decreases charge transfer resistance and increases surface roughness. Hence both R 1 and n decrease simultaneously. In the event of severe localized corrosion, low values of R 1 and n are expected. When corrosion is subdued by uniform coverage of a passive film, as in the present case, both R 1 and n are high. This suggests that the surface is not affected due to insignificant corrosion. 
Effect of applied potential
Nyquist plots obtained for AISI 316 at different applied potentials are shown in Fig. 6(a) and (b) . The corresponding Bode plots are displayed in Fig. 6 (c) and this represents complete picture for the changes in the spectra on increasing the applied potential. Since, different physio-electrochemical reactions take place over the steel surface corresponding to different regions on the Tafel's plot; therefore, successive change in the shape of each capacitive loop with potential is visible in the diagram. In the low potential region (ocp to 0.8 V), there are only two humps or peaks (Fig. 6(c) ). These correspond to three resistors and two capacitors. The process can be explained by the model shown in Fig. 3 . When the potential was increased from 1.0 to 1.2 V, there appeared one more peak. It corresponds to the introduction of a third capacitor in the equivalent circuit. There are now three time constants in the equivalent electrical circuit as given in Fig. 7(a) . The total impedance can be calculated using Eq. 6 (Fig. 7b) . On further increasing the potential from 1.4 to 1.6 V, inductive loop in the low frequency region is formed which appears in the fourth quadrant. In the Bode plot, this phenomenon appears as a low frequency tail creeping below zero or negative quadrant Fig. 6(c) . This is due to the formation of adsorbed intermediates on the steel surface. To explain the inductive loop formation in the case of AISI 316 (Fig. 6(b) and (c)) in single attempt, the circuit becomes complicated. In order to simplify it, the circuit was divided into two parts (Fig. 7(b) ). For programming and simulation, the experimental text data of the Nyquist and Bode plots were divided into two parts and it was found that the algorithm for the above mentioned circuits runs successfully. Table 3 . Effect of applied electrode potential on the impedance measurements of AISI 316 in 20% acetic acid at 30 °C and 1 mV s -1 scan rate. The comparison of measured and simulated spectra is shown in Fig. 7(c) . The total impedance can be calculated by taking together the individual impedances at different frequencies obtained from Eqs 4 and 6. It can be considered that the corrosion process taking place in the high frequency region resembles to the model and equivalent circuit given in Fig. 3 . Whereas, the process taking place in the low frequency region differs from the former and follows a different pathway Table 3 . In this case, when the inductive loop is not formed (i.e., 1.0 to 1.2 V), the number of circuit elements increases to ten. It increases to twelve when inductive loop is there (at potential 1.4 to 1.6 V). Due to large number of variables in the curve fitting, it usually takes long hours to run it and the proper fitting becomes cumbersome. Therefore, this complicated circuit was divided into two simple circuits for the fitting and simulation purposes. R 1 arises due to the anodic interfacial process, possibly the charge transport through the surface oxide layer and the rate of which is known to be independent of the potential in a wide range. As a result, it remains almost constant in these potential ranges. ions. An increase in the thickness of the passive film with increase in Mo content has been reported by Olefjord et al. [31] . By the virtue of the alloying elements, there occurs formation of multi-layered passive film on the surface. A two-layered film formed in the potential range of ocp to 0.8 V is reflected in two CPEs in the equivalent circuit. Similarly, a three-layered film formation in the potential range 1.0 to 1.6 V is reflected in three CPEs in the equivalent electrical circuit. The impedance study reveals that the corrosion phenomenon occurring in the stainless steel-ethanoic acid systems is very complex because of the formation of multiple passive layers on the surface.
Effect of chloride ion addition
Impedance measurements were carried out in 20% ethanoic acid containing different quantities of NaCl at 30 °C after exposure duration of 24 h. Nyquist plots were depressed semicircles with their center below the axis. Bode plots show typical double peak features which indicate that the process involved two CPEs. The parameters calculated using Eq. 5 are recorded in Table 4 . From the data, it is evident that the R 1 and R 2 values are lower compared to those in Tables  1-3 . This indicates that the presence of chloride ions increases the conductivity of the medium, and invades into the passive film to enhance its defects. The film now contains more cracks, pores and channels. If defects are present inside the passive film, the electrolyte will penetrate into the film and attack the surface at the sites where the film is thin and weak. This leads to a decrease in the electrical resistance. In order to study the effect of applied potential on the corrosion process in the presence of chloride ions, impedance measurements were carried out in 20% ethanoic acid containing 0.4 M NaCl. The features of Nyquist plots obtained in the potential region ocp to 1.0 V resembled to that shown in Fig. 5 , i.e., formation of two capacitive loops. At potentials 1.2 and 1.4 V, little different behavior was obtained due to the formation of three capacitive loops (Fig. 8) . This seems to be a well-developed complex diagram, but a closer examination reveals a good RC behavior for high frequencies followed by a progressively inductive behavior towards the lower frequency part of the diagram. This apparent inductive loop is caused by relatively slow changes in the specimen properties, in contrast with the fast changes due to the breakdown of passivation film. The n values close to unity show that the surface is very little affected due to the pitting corrosion caused by the presence of chloride ions. It was observed while comparing the n values in the passive region (Tables 3, 4 This can be explained in terms of alloy composition of the steel in which, besides Ni and Cr, 3-4 % molybdenum is also present. The role of Mo in passivation process has been reported by many researchers. Apart from resistance to pitting, Mo facilitates the process of repassivation as well. Once the pits are formed over the surface, the active sites are rapidly covered with molybdenum oxyhydroxides or molybdate salts, thereby inhibiting localized corrosion [31] . When passive film grows, the oxide lattice is dominated by multiple valent species (ions) of Cr and Fe which combine to produce point defects. These defects are possibly cancelled by the presence of 4-and 6-valent Mo species and the film becomes less defective. This makes the passive film less prone to be penetrated by aggressive anions (such as chloride ions in the present case). Thus, Mo reduces the chances of chloride ion invasion into the passive film. Studies show that chloride ion content in the passive film of Mo free alloys is considerably higher than Mo containing alloys [32] . It is further suggested that the mechanism for lowering of the chloride ion content in the film is due to the ability of Mo to form soluble stable Mo -oxo-chloro complexes [33] . The formation of these complexes, during the passivation process, lower the chloride ion content in the passive film, thereby making the film more resistant to pitting corrosion. Mo assists in repassivation process as well. Soon after the initial dissolution of Mo takes place, the protective chloride salt film stabilized by ferrous molybdate is eventually precipitated from the test solution. This insoluble chloride complex settles at the base of pits, thereby arresting chloride ions in the pit and forbids its invasion into the passive film. This, in turn, enables subsequent repassivation to occur. Hence, the corrosion resistance property of AISI 316 is improved in the aggressive media.
Conclusions
The formation, structure and properties of the passive film, changes with exposure duration, concentration of the ethanoic acid, applied electrode potential and concentration of chloride ion. Results show that the passive film formed on AISI 316 surface is multilayered and possesses dual structure. The film is made up of a thin and compact internal part, and a thicker, porous external part. Extended immersion hours inside the electrolytic solution (ethanoic acid) leads to the growth of a defective or porous surface film. The formation, structure and properties of the passive film are independent of the acid concentration. At passivating potential ocp to 0.8 V, there is the formation of two capacitive loops, and at higher potential input (1.0-1.2 V), formation of three capacitive loops takes place. At higher potentials (1.4-1.6 V), the formation of an inductive loop takes place owing to adsorbed intermediates. The capacitive behavior is of non ideal nature and it is explained in terms of constant phase element. The CPE power or n values show that surface roughness due to corrosion process becomes less in 20% ethanoic acid containing 0.4 M NaCl than in absence of the latter, owing to the repassivation role played by molybdenum and enabling the steel to behave more resistant to pitting corrosion in aggressive medium.
